# national accelerator laboratory =~ ~AL-Pub-73/81-ExP

2000.000
2600.200

(Submitted to Physics Letters)

INCLUSIVE NEUTRAL PARTICLE PRODUCTION
IN 14.75 GeV/c ANTIPROTON INTERACTIONS

F. T. Dao, J. Lach, and J. Whitmore

March 1974

2=

Operated by Universities Research Association Inc. Under Contract with the United States Atomic Eneray Commission



NAL-Pub-73/81-EXP

INCLUSIVE NEUTRAL PARTICLE PRODUCTION
IN 14,75 GeV/c ANTIPROTON INTERACTIONS

F. T. Dao, J. Lach, and J, Whitmore :
National Accelerator Laboratory, Batavia, Illinois 60510 US

ABSTRACT
We have studied the inclusive production of v, K:, and A° parti-
" cles in 14,75 GeV/c pp interactions. The correlations hetween T and
no, KZ, and A° are descri-bed and the strong correlation cbserved
between T-':t and 7° is contrasted to the apparent lack of correlation
* found in other hadron-hadron interactions at similar beam momenta,

. . 0 o .
Invariant cross sections for v, Ks‘ and A~ production are presented

as a function of x.



A recent cornpila’tion{l of the available data on the charged-neutral
correlations observed in hadron-hadron collisions with beam momenta
between 12 and 1500 GeV/c has demonstrat'ed that-these correlations
seem to be almost independent of the nature of the initial hadronic
system. More recent »° data from 10 GeV/c 1.—+p2 and 14,3 GeV/c K"p3
interactions are similar to =° data from 12 GeV/c pp collisions, 1
Furthermore, this Tl':t'n'o correlation has been shown1 to be increasing
monotonically from a negative correlation, dominated by energy
momentum c0nstréints, ét ~12 GeV/ctosa l-arge ISositive correlation at
NAL energies, This Letter reports on a study of the neutral particle
production in 14.75 GeV/c pp collisions, These data represent the first
results on inclusive y production in antiproton interactions and the vy
data are contrasted with data from other hadronic interactions at
comparable energies,

The data presented in this Letter are obtained from an 80,000
picture exposure of the Brookhaven National Laboratory (BNL) 80-in,
bubble chamber to a 14,75 GeV/c radio frequency separated antiproton
beam, These preliminary results come from only a small sample of
the data (12,000 pictures). Experimental details of the exposure and
scanning procedure as well as results on the charged multipliciiy are
described elsewhere, 4

We have measured a sample of 1407 v° decays and y conversions

which were then fitted to the following kinematic hypotheses



v(p) ~ ¢ e (p).
Events which failed the geometric and kinematics programs (TVGP and
SQUAW) were remeasured twice more if necessary. In this final
sample 10% of the events did not point to the primary vertex and less

than 2% were deemed unmeasurable, Of the 974 fitted events, 5% were

ambiguous. These were mainly KZ/AO and KS/AO ambiguities which
were finally resolved on the basis of ionization and XZ.

In order to determine inclusive cross sections, all VO events were
weighted by a factor computedS from their potential decay or conversion
lengths and known decay branching ratios, A minimum length require-
ment was also imposed on the neutral v° particle, The resulting
average weights are 23, 1,6, 1.7, and 2.2 for v, KZ, AO, and XB
respectively. The following inclusive cross sections have been
9

determined from this experiment: o(y} = 128,4+£7.2 mb, U(KS =1,08+0,10

mb, 0 (A°) =0,96£0.40 mb, and o(A°)=0.73£0.11 mb. If we assume that
all the gammas come from . decay, we obtain cr(T.-O) = 64,2+3,6 mb.
The A cross section is consistent with the A cross section as is

required by the CP symmetry of the pp system., However, because of

the low statistics of the A events, which tend to be fast and forward in



the laboratory yielding a low detection efficiency and large potential
path for secondary interactions, these events have been ignored in the
ensuing discussion,

The above cross sections show that pions are by far the most
abundantly produced particles from Pp interactions at 14,75 GeV/c, in
agreement with conclusions based on exclusive channel analyses at
lower energies, OQur observed ratio of K:/wo = 2% is comparable to a
value of 3% obtained in pp interactions at 19 GeV/ec. 6 Using our meas-
uremen’c4 of the average charge particle multiplicity,<n>, and assuming
that the average numbers of charged and neutral pions and kaons pro-

duced per inelastic collision are related by the following expressions:

<> =% <m > + <7 >),
4 -
and <K:> = E(<K+> + <K >),

we estimate that the average number of charged baryons (and anti-

baryons), <n_ >, per inelastic collision in the final state is

B

o o
<nB> =<n>» -2<1 > -2<Ks>

1.05+0.08,

1]

. . 7 N
This result indicates that the annihilation process accounts for ~25%
of the interactions at this energy.
. sy s . . . 8
Figure 1 shows a compilation of the inclusive cross sections

for K: and A° production as a function of Piab’ the incident p laboratory



momentum, Note that while U(AO) increases with plab’ O'(KZ) actually
falls with increasing incident momentum. It is interesting to compare
these cross sections with those from pp interact-io-ns. The two solid
lines are interpolated from pp data which include recent NAL experi-
ments at 102, 205, and 303 GeV/c. It is observed that o (A°) exhibits
a similar energy dependence in pp and pp interactions. On the other
hand ¢ (K:) behaves very differently in these two interactions. This
latter behavior may arise from the annihilation process which accounts
for the large pion énd kaon cross sections in pp interactions at low
energies but which becomes less dominant at higher energies. If the
annihilation process really accounts for the difference in energy
dependence of o (KZ), the Kz cross section should rise for higher
energy (> 20 GeV/c) pp interactions, The n° production data are con-
sistent with the pp data in magnitude once they are normalized by the
total inelastic cross section, i,e., < 77> in pp and Pp are very similar,
The topological cross sections for rro, K:, and A° production are
listed in Table I together with the multiplicity dependence of < V°>, the
average number of v° particles produced per inelastic pp collision,
Figures 2(a), (b), and (c) display these data, and the following features
may be noted. The distribution in crn(VO), plotted as a function of the
associated charge multiplicity n, is broader for +° than for KCS) or A°,

The maximum value corresponds to a smaller n value with increasing

. . . 0
v°® mass. This mass effect is also seen in the dependence of <V > on



-b-

the charge multiplicity. Whereas <> increases with multiplicity,

<Kcs)> is flat except forn = 0, and <A®> decreases sharply with n.

The linear rise in <w > with multiplicity c.onstrasts strongly with the

data from pp, .'r+p, and K-p interactions at similar energieé which show

a lesser dependence on n. ~ This is demonstrated in Fig. 2(a) which

shows the 12 GeV/c pp (solid line) and 14.3 GeV/c K p (dotted line) data,
A recent Koba, Nielsen, and Olesenio scaling prediction claims

that

]
o (v")
<n> n

<n > a,
vO inel

® (n/<n>) =

should be independent of the initial state energy and particles, Figure
3(a) shows that these pp — KZ data are well described by the solid line
which representsi‘1 KZ production in pp collisions for beam momenta
greater than 50 GeV/c. A similar result has been obtained for the -
data from this experiment. t However, Fig, 3{b) shows that the AO
data (produced mainly by target fragmentation) do not agree with the
high energy pp data form and are more similar to low energy pp — A°
data, 6

In Fig. 4(a) and (b) we show the invariant single particle distri-

2 2 2
bution, f (2E/x~s) (d° o /dxde) dp.., and the average transverse mo-

e -1
mentum, <pT>, as a function of the Feynman variable (x = ZpL s %)

for the inclusive y and KZ production. We have fitted these data,



b|x!

integrated over ail p,:z[‘, to an exponential form e We find slope

parameters for v and K: bY = 8.13%x0.59 and b = 2,6640.43 as com-

K

pared to values of ~ 10 and ~5 respectively, obtained from pp interactions
12 . ..

for a wide range of incident momentum, The difference in the slope

parameter, particularly in K: production, can be explained by the

absence of leading baryons in the annihilation process,

The data in Fig, 4(a) and (b) also show a different functional
dependence inthe single particle y and KCS) distributions, It is observed
that <pp> varies with x for y (the well-known ""seagull effect") but does
not exhibit any significant dependence on x for the K: production. Thus
the single particle distribution cannot be separated into its x and p,zr
dependences for y production, The average transverse and longitudinal

. o Y _ Yo 2
momenta for v and KS are <pT > = 0,16+0,01, <|pL;> = 0.16+0.01,

K - . Koy ,

< pT> = 0,40+0.02 and <ipL (> = 0.52+£0.04 GeV/c. From these values,
132 2 L

we obtain <pp> = 0.11x0.01 (GeV/c) and <P = 0.32+0.02 GeV/c

for n° production.

Figure 4(c) shows the distribution of the reduced single particle

) — 2 2 2 . — +
function 1/UT f RE/=~s) {d G/dxde) de for the reactions pp, 7 p
K+ d FXO . 14 . . .

p, and pp -~ A"X at comparable energies, These distributions are
quite different from those for vy and K: given in Fig, 4(a) and {(b), The
average transverse and longitudinal momenta for A° production deter-
mined from the present experiment are <pT> = 0,44+0,02 and < [pLI>

= 1.15£0.07 GeV/c. The A® are produced by target (proton) fragmentation



and if factorization is valid in a high-energy limit, the reduced single
particle function should be independent of the beam particle, It is _
interesting to note that the function has a similar shape in all these
reactions but its magnitude is higher in Pp and = p than in Tr+p, K+p,
or pp interactions. The latter is in agreement with the conjecture of
Chan et al., 15 in regard tothe exoticity of Regge exchange in inclusive
reactions at moderate energies.

We thank the staff of the Brookhaven National Laboratory and the
80-in, bubble-chamber c‘r'.ews for a successful run, We also thank the
scanning and measuring personnel at the NAL Film Analysis Facility

for their dedicated contributions to this experiment,
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Fig. 1.

Fig, 2.

Fig, 3.

Fig, 4.
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FIGURE CAPTIONS
Inclusive cross sections for KZ and A° production, The solid
curves represent data from pp collisions,
O’n and <nvo> as a function of multiplicity, for (a) wo,(b) Kz,
and (c) AO. The solid (dotted) line in {a) is a representation
of pp data at 12 GeV/c (K p data at 14.3 GeV/e),
KNO scaling function for (a) Kz and (b) A° data. The solid
lines are obtained from fitting pp data for beam momenta
greater than 50 GeV/c (see Ref, 10),
Invariant cross section and average transverse momentum
as a function of x for {(a) y and (b) Kz. {c) Invariant cross

: o} .
section for A~ production,
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